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Summary
Hypothesis:  Does  metatarsal  pronation  exist  and,  if  so,  what  is  its  impact?
Introduction:  Hallux  valgus  is  a  deformity  associating  angulation  and  a  rotational  component.
The present  study  sought  to  investigate  the  nature  and  origin  of  the  coronal  plane  displacement.
Materials  and  methods:  A  prospective  single-center  radiological  and  anatomic  study  was  con-
ducted on  100  feet  operated  on  for  hallux  valgus.  Baseline  X-ray  determined  the  preoperative
position of  the  1st  metatarsal  head  in  the  coronal  plane.  The  range  of  motion  (ROM)  of  the
cuneometatarsal  joint  in  pronation—supination  was  measured  peroperatively.  An  anatomic  study
investigated  possible  diaphyseal  torsion.
Results:  Mean  radiologic  pronation  in  hallux  valgus  was  12.7◦ (range,  0◦—40◦).  Cuneometatarsal
rotational  ROM  was  determined  by  adding  peroperative  ROM  in  pronation  (mean,  9.3◦;  range,
0◦—30◦)  and  in  supination  (mean,  8.7◦;  range,  0◦—20◦).  Intermetatarsal  divergence  showed
no correlation  with  radiologic  pronation  or  ROM  in  pronation.  Radiologic  pronation  showed
no correlation  with  peroperative  ROM  in  pronation.  Pronation  of  the  metatarsal  head  was
never observed  without  associated  sesamoid  pronation;  the  latter,  however,  was  in  some  cases
observed without  the  former.  Twenty  randomly  selected  metatarsal  cadaver  specimens  from
the anatomy  laboratory  of  the  University  of  Nice  (France)  showed  diaphyseal  torsion  in  80%  of
cases, with  the  metatarsal  head  in  neutral  position  or  in  supination  with  respect  to  the  base.
Discussion:  In  hallux  valgus,  1st  ray  pronation  appears  to  be  systematic,  in  contrast  to  the
typical supination  found  in  the  general  population.  Metatarsal  rotation  is  always  associated  with
sesamoid  rotation,  whereas  the  converse  is  not  the  case:  displacement  of  the  sesamoids  appears
to displace  the  metatarsal  head  via  the  metatarsosesamoid  ligaments.  This  ‘‘drive-belt’’  effect,
however,  varies  in  its  mechanical  properties  and  the  transmission  is  imperfect  and  likely  subject
to progressive  ligament  stretching,  so  that  head  rotation  does  not  exactly  follow  and  may  even
become independent  of  the  sesamoid  displacement.  Radiologic  and  clinical  rotation  thus  do  not
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match  any  longer.  The  anatomic  study  showed  that,  while  diaphyseal  torsion  cannot  be  ruled
out, the  metatarsal  pronation  mainly  derives  from  cuneometatarsal  joint  rotational  instability,
the evolution  of  which  does  not  parallel  lateral  instability,  no  correlation  being  found  between
degree of  varus  and  rotational  instability.
Conclusion:  The  present  study  found  metatarsal  pronation  to  be  associated  with  hallux
valgus, making  a  preoperative  AP  view  useful;  the  underlying  mechanism  was  generally
cuneometatarsal  instability.  Although  difﬁcult  to  specify  exactly  without  correlation  between
radiological  and  clinical  data,  any  such  pronation  raises  the  question  of  whether  replacing
the metatarsal  head  on  its  sesamoid  supports  is  sufﬁcient  to  achieve  stability  in  all  planes,  or
whether on  the  contrary  derotation  should  be  associated  to  metatarsal  valgization  osteotomy
to restore  horizontal  support.
Level  of  evidence:  Level  IV.
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Figure  1  Set-up  for  the  Bernard  X-ray  view.  The  Bernard  view
is taken  in  the  exact  axis  of  the  metatarsal  shaft.  The  foot  is
positioned  in  external  rotation  proportionally  to  the  degree  of
m
r
w
r
t
r
a
o
h
s
t
t
R
s
r
a
K
on  either  side  of  the  joint.  One  joined  the  1st  cuneiform  to
the  rest  of  the  tarsus;  this  was  the  only  variant  with  respect© 2012  Published  by  Elsevie
ntroduction
allux  valgus  is  a  deformity  caused  by  pathological  dis-
lacement  of  the  1st  ray  of  the  foot.  The  vertical  and
orizontal  components  have  been  widely  explored  [1]  and
re  routinely  taken  into  account  in  the  various  procedures
f  surgical  correction;  the  frontal  rotation  component,  in
ontrast,  has  been  generally  overlooked  except  in  a  few
tudies  [2—4]. Phalangeal  pronation,  however,  is  an  almost
ystematic  clinical  ﬁnding  in  hallux  valgus.  The  present
tudy  investigated  the  possible  existence  of  pathologic  1st
etatarsal  rotation,  its  mechanism,  and  its  possible  impact
n  the  cuneometatarsal  (C1M1)  joint.
A  novel  radiographic  (Bernard)  view  enabled  preopera-
ive  measurement  of  head  orientation  in  the  frontal  plane.
1M1  range  of  motion  (ROM)  was  quantiﬁed  peroperatively.
inally,  a  short  anatomic  study  investigated  whether  head
ositioning  in  the  frontal  plane  might  be  subject  to  diaphy-
eal  torsion.
aterial and methods
linical  study
 continuous  prospective  single-center  study  included  94
emale  and  six  male  patients  (mean  age,  54  years;  range,
9—82  yrs)  undergoing  surgical  correction  of  hallux  valgus
etween  January  8,  2001  and  February  3,  2003.  All  patients
onsidering  their  deformity  to  be  disabling  were  included,
llowing  for  the  usual  surgical  contraindications.
Dorsoplantar  and  lateral  weight-bearing  X-ray  views  were
aken.  Diaphyseal  axes  between  the  center  of  the  head  and
he  middle  of  the  proximal  epiphysis  were  calculated  in  the
adiology  department  of  the  institution,  to  determine  the
etatarsophalangeal  (MTP1)  and  M1-M2  divergence  angles.
AP  views  were  taken  to  determine  metatarsal  head  rota-
ion  and  the  spatial  relations  between  the  sesamoids  and
etatarsal  facets  [5].  As  bone  architecture  varies  depend-
ng  on  whether  the  foot  is  slack  or  in  weight-bearing,  a
on-dynamic  weight-bearing  view  was  considered  necessary.
his  is  not  provided  by  the  Muller-Guntz  view  or  by  MRI  or
T;  a  novel  incidence  was  therefore  designed  (Fig.  1).  So
s  to  visualize  the  distal  extremity  of  the  1st  metatarsal,  it
as  taken,  unlike  in  the  Guntz  view,  in  the  axis  not  of  the
oot  but  of  the  shaft,  the  divergence  of  which  correlates
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cetatarsus  abductus.  The  cassette  is  behind  the  heel,  which  is
aised  by  40  mm.
ith  the  abduction  displacement  of  M1.  Patients  were  X-
ayed  standing,  with  the  cassette  placed  vertically  behind
he  foot.  To  avoid  superimposition,  the  heel  and  toes  were
aised  by  radio-transparent  wedges  of  respectively  40  mm
nd  10  mm.  The  foot  was  positioned  in  external  rotation  to
btain  a  vertical  projection  of  the  metatarsal  shaft,  with
orizontal  alignment  to  a  mark  on  the  cassette.
On  an  isosceles  triangle  with  the  crista  as  apex  and  the
ides  tangential  to  the  lateral  and  medial  sesamoid  facets  of
he  metatarsal  head,  metatarsal  rotation  was  measured  as
he  angle  subtended  by  the  base  and  the  horizontal  (Fig.  2).
eproducibility  required  the  projection  of  the  shaft  to  be
trictly  vertical  in  order  to  ensure  exact  measurement  of
otation.
Passive  C1M1  rotational  ROM  was  measured  peroper-
tively  during  oblique  basal  plane  osteotomy.  Two  basal
-wires,  both  parallel  to  the  plantar  plane,  were  insertedo  the  usual  technique  (Fig.  3).  A  third  1.8  mm  distal  wire  in
he  M1  head  served  as  a  lever  to  move  the  head  into  forced
ronation—supination,  with  a  constant  force  limited  by  the
urvature.  The  angle  was  assessed  on  goniometry  after  the
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Figure  2  Measurement  of  1st  metatarsal  head  pronation  (or
supination).  An  isosceles  triangle  is  drawn  between  the  crista
and the  lateral  and  medial  sesamoid  facets  of  the  metatarsal
Figure  3  Peroperative  measurement  of  cuneometatarsal
instability.  To  measure  cuneometatarsal  rotational  instability,
a K-wire  landmark  is  inserted  to  immobilize  the  1st  cuneiform
and a  second  in  parallel  in  the  metatarsal  base  to  assess  prona-
tion and  supination,  using  a  third  wire  in  the  head  as  a  lever  for
rotation.
Figure  4  1st  metatarsal  measurement  planes.  The  arrows
indicate:  1)  base:  vertical  reference  plane,  2)  metatarsal  axis,head  in  the  metatarsal-sesamoid  joint  space.  Rotation  is  given
by the  angle  subtended  by  the  base  and  the  horizontal.
two  proximal  wires  had  diverged,  and  was  systematically
checked  by  the  both  surgeons  (JPM  and  JLB).
Data  were  analyzed  on  Pearson  correlation  coefﬁcients
with  a  signiﬁcance  threshold  set  at  2.5◦,  corresponding  to
the  estimated  uncertainty  of  measurement.
Anatomical  study
As  a  search  of  the  literature  found  no  references  as  to  a  pos-
sible  impact  of  M1  shaft  torsion  on  head  positioning,  20  M1
bone  specimens  (11  right,  nine  left)  were  taken  at  random
from  the  Nice  University  anatomy  laboratory.
To  measure  the  frontal  angulation  (pronation  and  supina-
tion)  of  the  proximal  and  distal  extremities  of  the
metatarsal,  the  single  vertical  part  of  the  lateral  side  of
the  metatarsal  at  the  junction  of  the  mid  and  proximal
thirds,  which  is  speciﬁc  to  M1,  was  taken  as  a  reference
plane.  The  horizontal  and  frontal  planes  were  determined
from  this  reference  plane  and  the  metatarsal  axis.  The  posi-
tion  of  the  proximal  extremity  of  the  metatarsal  base  in
the  frontal  plane  was  determined  by  the  angle  subtended
by  the  axis  through  the  dorsal  and  plantar  extremities  and
the  vertical  reference  plane  (Fig.  4).  The  medial  and  lateral
sulci  bordering  the  sesamoid  facets  served  as  references  for
the  horizontal  plane  at  the  distal  extremity  (Fig.  5).  For  the
3) frontal  orientation  of  the  base  (angle  between  planes  1  and
3), 4)  head:  horizontal  reference  plane,  5)  metatarsosesamoid
joint facets.
Table  1  Radiology  results  for  100  operated  cases  of  hallux  valgus.
Results  Peroperative
pronation
Peroperative
supination
Peroperative
instability
Radiologic
pronation
Metatarsus  Varus  Age
Mean  9.3◦ 8.7◦ 18◦ 12.7◦ 15.4◦ 53.8
Range 0◦ —  30◦ 0◦ —  20◦ 0◦ —  40◦ 0◦ —  40◦ 5◦ —  25◦ 19  —  82
% ≥  10◦ 45%  49%  90%  70%  —  —
Peroperative rotational instability is calculated as the sum of peroperative pronation and supination; 90% of patients showed instabil-
ity > 10◦ and 70% radiologic pronation > 10◦.
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Figure  5  Measurement  of  1st  metatarsal  head  torsion.  Two
sulci,  lateral  and  medial,  served  as  landmarks  to  measure
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setatarsal  head  torsion,  and  the  center  of  the  facets  for  the
etatarsosesamoid  joint.
esamoid  section,  the  reference  points  were  positioned  in
he  center  of  each  joint  facet.
Data  forming  a  symmetric  distribution  were  analyzed  by
earson  coefﬁcient.
esults
linical  study
ean  radiologic  pronation  was  12.7◦ ±  7.7◦ (0◦—40◦);  mean
1M2  divergence  was  15◦ ±  4.2◦ (5◦—25◦)  (Tables  1  and  2).
Mean  peroperative  ROM  was  9◦ (0—30◦)  in  prona-
ion,  and  9.4◦ ±  6.1◦ (0◦—20◦)  in  supination.  Mean  overall
uneometatarsal  instability,  calculated  as  the  sum  of  the
bove,  was  thus  18◦.
No  correlation  was  found  between  M1M2  divergence  and
ither  radiologic  pronation  or  clinical  cuneometatarsal  rota-
ional  instability.  Radiologic  pronation  was  a  mean  5.4◦ less
han  the  clinical  value.
Metatarsal  pronation  was  never  found  without  at  least
qual  parallel  sesamoid  rotation.  On  the  other  hand,  ﬁve
atients  showed  no  metatarsal  pronation  despite  the  pres-
nce  of  sesamoid  rotation  (Figs.  4  and  6).
Age  correlated  with  M1M2  divergence  (R  =  0.36)  and  ROM
n  pronation  (R  =  0.35)  but  not  with  radiologic  pronation
R  =  0.05).
natomic  study
he  purpose  of  the  anatomic  study  was  to  determine
hether,  in  the  frontal  plane,  the  1st  metatarsal  may
ndergo  rotation  due  not  to  joint  instability  but  to  diaphy-
eal  torsion  (Table  3).  Thirteen  of  the  20  heads  were  in
upination,  three  in  neutral  position  and  4  in  pronation  with
espect  to  the  base.  In  parallel,  the  sesamoid  facets  showed
 wide  range  of  angular  values  (from  —18◦ to  +15◦)  which,
owever,  varied  with  head  position  (Table  3  and  Fig.  4).
he  plane  of  the  head  (plane  4  in  Fig.  4)  remained  parallel
s
t
s
aigure  6  Metatarsosesamoid  joint  MRI,  frontal  slice.  L:  image
f metatarsosesamoid  ligament.
o  the  sesamoid  facets  (plane  5  in  Fig.  4).  Head  pronation
orrelated  with  supination  of  the  base  (P  <  0.001).
iscussion
he  radiologic  study  showed  a  clear  predominance  of  M1
ronation  in  hallux  valgus,  systematically  associated  with
t  least  as  great  a  parallel  displacement  of  the  sesamoids,
hereas  conversely  considerable  sesamoid  rotation  may  still
e  associated  with  a  horizontal  metatarsal.  The  clinical
tudy  conﬁrmed  that  this  rotation  entailed  mobilization
f  the  cuneometatarsal  joint.  Finally,  the  anatomic  study
howed  that  diaphyseal  torsion  could  impact  the  axial  posi-
ioning  of  the  M1  head.
The  root  cause  of  the  rotational  displacement  thus  seems
o  lie  in  an  axial  displacement  of  the  sesamoids,  mov-
ng  the  entire  metatarsophalangeal  complex  [6,7]. The
‘drive  belt’’  is  the  ligaments  (Fig.  6),  the  resistance  of
hich  is  variable  [8],  being  stronger  at  phalangeal-sesamoid
evel,  transmitting  rotation  toward  the  phalangeal  appara-
us  [9,10]  rather  than  to  the  metatarsal  head,  where  the
etatarsosesamoid  ligaments  distend  as  the  metatarsopha-
angeal  deformity  increases.  This  differential  resistance  may
xplain  how  a  horizontal  metatarsal  head  can  be  associated
ith  considerable  sesamoid  displacement  (Fig.  7,  no 4  and
o 7),  and  may  also  account  for  the  non-correlation  between
adiologic  pronation  and  cuneometatarsal  instability:  freed
rom  sesamoid  traction,  the  head  recovers  a  horizontal  posi-
ion  despite  a  very  unstable  C1M1  joint.
There  are  many  reports  of  the  motor  function  of  the  ﬂex-
rs  and  its  impact  on  the  sesamoids,  subjected  to  excessive
train.  Snijders  [11], in  a  biomechanical  model,  demon-
trated  that,  in  the  transverse  plane,  two  main  forces  impact
he  MP1  joint:  ﬁrstly,  a  midfoot  reaction  to  the  upward  pres-
ure  of  the  ground,  pushing  the  1st  metatarsal  into  varus
bduction,  and  secondly  the  ﬂexor  hallucis  longus  (FHL)
Axial  rotation  of  the  ﬁrst  metatarsal  head  681
Table  2  Correlation  analysis  (Pearson’s  R).
R  value  Peroperative
pronation
Peroperative
supination
Peroperative
instability
Radiologic
pronation
M1M2  angle
Peroperative  pronation —
Peroperative  supination  0.02  —
Peroperative  instability 0.72  0.66  —
Radiologic  pronation 0.19  0.04  0.16  —
Metatarsus  abductus 0.11  0.13  0.17  0.09  —
Age 0.28 0.20  0.35  0.05  0.36
Table  3  Measurement  of  torsion  on  dry  bone.
No Specimen  no side  Proximal  torsion  (◦)  Head  torsion  (◦)  Sesamoid  torsion  (◦)
1  1  R  20  10  9
2 2  L  18  6  14
3 7  L  15  5  5
4 8  L  10  3  3
5 13  L  20  6  15
6 17  L  10  7  3
7 19  L  12  6  8
8 20  L  15  3  8
9 14  L  0  0  0
10 3  R  20  3  12
11 4  R  15  0  15
12 5  R  15  9  4
13 6  R  10  0  3
14 9  R  6  9  3
15 15  R  15  5  8
16 16  R  9  6  6
17 10  R  1  —8  —8
18 11 L  10  —8  —18
19 12 L 3  —3  —2
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By convention, supination is positive.
displacing  the  phalangeal  apparatus  in  valgus  adduction.
Gianini  and  Catani  [12]  stressed  that,  despite  metatar-
sophalangeal  joint  dorsiﬂexion,  the  FHL  tends  to  induce
subluxation  of  the  potentially  unstable  sesamoids  while  the
phalangeal  apparatus  remains  in  pronation.
The  present  study  demonstrated  the  consequences  of  this
pronation  for  the  cuneometatarsal  joint,  which  is  where  the
rotation  occurs  [13]  rather  than,  as  usually,  in  the  talon-
avicular  joint,  where  its  amplitude  is  4.1◦ in  pronation  and
6.2◦ in  supination  [14]. Clinically,  this  results  in  an  abnor-
mal  18◦ C1M1  rotational  ROM  and  9.3◦ ROM  in  pronation.
It  is  noteworthy  that,  unlike  in  the  study  by  Eustace  et  al.
[3],  there  was  no  radiological  correlation  between  rotation
and  metatarsal  varus.  According  to  Suzuki  et  al.  [15], C1M1
instability  is  at  the  origin  of  metatarsal  abduction,  stabil-
ity  being  required  for  effective  locking  of  the  foot  in  gait.
Gebo  [16]  pointed  out  that  stability  of  the  1st  ray,  and  of
the  cuneometatarsal  joint  in  particular,  is  what  distinguishes
the  prehensile  function  in  other  primates  and  the  weight-
bearing  function  in  humans,  and  that  humans  alone  among
existing  primates  are  unable  to  move  their  1st  ray.  Le  Floch-
Prigent  [17]  likewise  reported  that  the  main  1st-ray  motor
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uscle  in  the  four  hominoid  primates  is  the  ﬁbularis  longus
FL),  which  induces  eversion  of  the  foot  by  acting  on  a  mobile
ay,  whereas  in  humans  the  ray  is  immobile.  C1M1  instability
isturbs  harmonious  muscle  action  on  the  metatarsal  head,
hich  can  no  longer  fulﬁll  its  function  [1]  due  to  combined
ertical  instability  and  frontal  displacement.  The  FL,  which
s  inserted  in  the  M1  base,  is  no  longer  well-anchored  and  is
nable  to  varize  the  calcaneus  as  required  to  provide  a  rigid
st  ray.  Tendon  displacement  also  impacts  the  action  of  the
exors  which,  no  longer  vertical,  shows  impaired  response  to
he  counter-pressure  of  the  ground.  Talbot  et  al.  [18], using
 piezoelectric  device  to  compare  ﬂexor  force  vectors  at  0◦,
5◦ and  30◦ of  ﬂexion  in  healthy  subjects  and  subjects  with
halangeal  pronation,  measured  the  resultant  obliqueness
Fig.  8).  And  ﬁnally,  displacement  deprives  the  metatarsal
ead  of  a  horizontal  support  for  its  articular  facets.
The  limitations  of  the  present  study  ﬁrstly  concern  pos-
ible  diaphyseal  torsion  in  the  frontal  plane,  conﬁrmed  by
he  anatomic  correlation  between  pronation  of  the  head  and
upination  of  the  base  of  the  1st  metatarsal.  The  vertical-
ty  of  the  reference  plane  chosen  for  the  metatarsal  base
n  the  anatomic  study  of  specimens  may  not  be  the  same
682  J.-P.  Mortier  et  al.
Figure  7  Metatarsal  head  and  sesamoid  positioning.  Sesamoid  pronation  may  occur  without  metatarsal  pronation.  However,
metatarsal rotation  is  systematically  associated  with  a  parallel  displacement  of  the  sesamoid  band.
Figure  8  Change  in  force  vectors  according  to  pronation.  The  horizontal  vector  pushes  the  metatarsal  head  inward.  Decreased
vertical vector  induces  defective  weight-bearing.
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in  a  bone  joined  to  the  rest  of  the  foot,  but  the  study  nev-
ertheless  showed  that  metatarsal  head  pronation  can  occur
without  cuneometatarsal  instability.  This  could  be  a  mor-
phological  adaptation,  as  in  the  tibia  or  femur,  but  could
also  be  a  reaction  to  early  congenital  hallux  valgus  dur-
ing  growth.  This  could  account  for  the  difference  between
radiologic  pronation  (13◦)  and  C1M1  instability  (18◦).  It
follows  that  preoperative  radiography  fails  to  determine
cuneometatarsal  instability  precisely.
Another  source  of  error  may  lie  in  radiographic  approxi-
mation  in  tracing  the  sesamoid  facets  from  a  worn  crista,
although  this  does  not  cast  doubt  on  the  prevalence  of
pronation.  Phalangeal  rotation  (concerning  which  no  reports
could  be  found  in  the  literature)  results  from  sesamoid  trac-
tion,  even  if  the  metatarsal  impact  is  uncertain.  It  would  no
doubt  have  been  useful  to  compare  sesamoid  and  metatarsal
rotation  quantitatively.
Conclusion
The  present  study  conﬁrmed  the  existence  of  patholog-
ical  pronation  of  the  metatarsophalangeal  apparatus  in
hallux  valgus.  AP  radiographs  make  an  important  diag-
nostic  contribution  to  preoperative  assessment,  shedding
light  on  the  support  of  the  metatarsal  head  and  its  rela-
tion  to  the  sesamoids.  However,  they  provide  only  partial
assessment  of  cuneometatarsal  instability,  which  is  related
to  but  does  not  correlate  with  metatarsal  pronation.  The
study  raises  the  question  of  the  choice  between  simple
translation—valgization  osteotomy  to  raise  the  head  up  to
the  level  of  the  sesamoids  and  metatarsal  osteotomy  asso-
ciating  varization  to  derotational  supination.
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